This paper aims to simulate the contribution of investment expansion policy after financial crisis as well as describe the possible economic perspectives in the post-crisis period by using scenario simulation method based on Chinese dynamic economic CGE (computable general equilibrium) model. Energy consumption and CO 2 emission are also considered in order to access the possible negative effects owing to investment enlargement. The results show that expanding investment response to financial crisis increases economic growth rate by 6.74% from 2.36% in 2009. It can relieve the fluctuation in economy and bring the economic growth close to baseline level in the near post-crisis period. However, higher energy consumption intensity and CO 2 emission intensity compared to baseline owing to the increasing investment make energy saving and CO 2 mitigation more difficult.
Introduction
The 2008 financial turmoil, started due to the U.S subprime mortgage crisis, brings world economy into a downturn period. Governments even in the rich countries have had to put forward packages to bail out their economy and society. As for China, the central government has also announced a series of macroeconomic policies to alleviate the negative impact from financial crisis, about practicing the "proactive" fiscal and "moderately loose" monetary policies, about taking 10 various approaches to boost domestic consumer demand, and about acceleration the infrastructure construction and so on.
The 4 trillion stimulus package, which scheduled to be implemented in two years with 1.18 trillion Yuan investment planned by the central government and the remaining provided by the local government and nongovernmental, is expected to mainly cover affordable housing projects, infrastructure construction in rural areas, postdisaster reconstruction, improving people's livelihoods, environmental protection, technological reform and building necessary infrastructure. It is believed that this package plays an important role to maintain a stable and relatively fast growth, with GDP growth rate achieve 9.6% and 9.1% in 2008 and 2009, respectively. What is the contribution of such a massive investment to economic growth under financial crisis? What is the economy were look like as if there are no such package policies? What will the economic may appear to be in the near term after financial crisis. To quantitative evaluate the policy effects under and after financial crisis can not only answer the above questions we are concerned about, but also has meaningful reference value for future policy development direction.
It can be seen that China gradually has been becoming a typical investment-oriented economy in recent years. Econometric is the most common method to build the relationship between investment and GDP, including Wu [1] , Liu and Yu [2] , Wang [3] , and Zhang and Hou [4] . These empirical results show that investment plays a significant role in economic growth, while there is a big room for raising the efficiency of investment. Both Wang et al. [5] and Li et al. [6] build multi-regional CGE (computable general equilibrium) model to discuss investment policies on economic development. According to Li et al. [6] , the same amount of investment in different regions deserves different GDP growth, with 200 billion of government investment in eastern, central, and northwestern regions drives total GDP to increase by 0.56%, 1.38%, and 1.54%, respectively.
A few studies have qualitatively investigated the very likely effects and correlative problems associated with Chinese stimulus package (Ding [7] , S. L. Zhang [8] , X. P. Zhang [9] ). With regard to empirical analysis, Wang and Lu [10] used the national income multiplier theory and pointed out that the 4 trillion investment stimulate policy can achieve the desired effects with the rapid recovery of world economy. It can stabilize the society and economy in the short run, while is less favorable to optimize economic growth pattern. Based on a static multi-regional CGE model analysis, GDP growth rate and employment tend to be higher if investing to central China compared to the whole country or western China (Sun et al. [11] ). This paper aims to simulate the contribution of investment expansion policy to Chinese economic growth by using scenario simulation method based on Chinese dynamic economic CGE model. Moreover, it takes the advantage of dynamic CGE model and attempts to describe the possible economic perspectives in post-crisis period under different scenarios. Furthermore, in contrast with other previous research, allowing for the possible problems of over capacity due to large investment, this study assesses the influence on energy consumption and CO 2 emission from enlarging investment.
The rest of the paper is organized as follows: methodology and data are described in Section 2. Section 3 presents the setup of three scenarios considered in the simulation. The results under different scenarios are outlined in Section 4. It is followed by a conclusion in Section 5.
Methodology and Data

Methodology
2.1.1. Production Structure of CGE Model. CGE model, which is not only good at describing microeconomic optimization behaviors and mutual relationship among different economic agents, but also analyzing the macroeconomic consequences caused by policy change, has become an effective tool for policy simulation.
The basic dynamic CGE model is built based on the structure from Lofgren's work [12] . In order to assess the policy impact on energy consumption and CO 2 emission, energy is treated as production factor and embedded into production module, which refers to the work of Wu and Xuan [13] . Hence, the input of production can be divided into three factors of capital, labor, and energy as well as nonenergy intermediate commodities (1) . Since the elasticity of substitution varies among different input, the production is described by multilevel nested structure. Intermediate commodities enter into the model with Leontief structure (2) to reflect the assumption of no substitution among different intermediate commodities as well as between intermediate commodities bundle and factors bundle. The labor-capital-energy bundle derives from a multilevel CES (constant elasticity of substitution) structure (3) among labor, capital and energy. Similarly, energy enters into the model with a multilevel nested structure of the 9 type energy, which including coal, oil, natural gas, oil refined products, coke, fuel gas, thermal electricity, other electricity, and heat. The framework of production module is shown in Figure 1 Leontief function :
CES function :
where, α denotes share parameter of input X i1 , β denotes share parameter of input X i2 , and ρ denotes substitution parameter.
Other Modules.
Economic growth is driven by investment, consumption and net export. Investment is determined by saving which come from household, government, enterprise, and abroad. Household income is used for tax payment, consumption and saving, while government income is expended for transfer payment, subsidy, consumption, and saving. Household and government consumption are codetermined by income and consumption preference, and they are described through the extended linear expenditure system. The Armington assumption is used to distinguish identical domestic goods and imported (exported) goods. World price is exogenous and China is treated as price taker.
It is assumed that returns to scale of all sectors are constant, and the proportion of effective labor force to total population is constant in the simulation period. Energy consumption should be treated in physical terms, while the input-output table provides energy consumption in each agent in monetary terms. The base year conversion coefficients (regarded as energy price) can be got from dividing monetary terms to physical terms (China Energy Statistics Yearbook, 2008), which are also used in the forecast of future energy consumption from CGE model. CO 2 emissions can be calculated by the method recommended by the IPCC [15] . That is, multiplying each type of fossil fuel consumption with its CO 2 emission factors and oxidation rate. Hence, this paper only covers the CO 2 emission from fossil fuel.
Scenario Design
Using the methodology described above, three scenarios have been designed to illustrate the potential economic effects of stimulate packages: the first scenario is a baseline scenario, where it is to describe the Chinese normal economic development trajectory without financial crisis. The second scenario, that is, crisis scenario, shows the economic growth path under crisis without carrying out corresponding policies. The third scenario is the policy scenario that portrays economic growth pathway with implementing positive activities (mainly focus on investment stimulus package) after financial turmoil. Some key parameters are set as follows.
Baseline Scenario.
Besides the parameters which can be calibrated according to the base year data and the elasticity of substitution, annual labor supply, and TFP (total factor productivity) growth rate are exogenous in this model. The existing research show that TFP growth rates mainly distribute in the range of 2% to 4% over the past three decades. TFP annual growth rate is estimated by 3.14% from 1981 to 2002 (Sun and Ren [16] ), and 3.63% during the period of 1999-2007 (Wang et al. [17] ). It is assumed that TFP will not always keep a high level and gradually decline, with a growth rate of 3.2% in 2008-2010 and 2.8% from 2011 to 2015.
Commodity price index consumed by household and government refers to CPI historical data. Average value of CPI from 1990-2010 is 104.8 and 102.4 when eliminating the outlier value and here is expected to an average value of 103 during the simulation time. What is more, it is assumed that the proportion of effective labor force to total population is constant in the simulation period.
Crisis Scenario.
The impacts on import and export, as well as productivity due to financial crisis are taken into consideration under crisis scenario. The import-export trade is shocked greatly by the decline of overseas demand and import-export commodities price from the end of 2008. Export price is supposed to drop by 5% in 2008 and 15% Some labor forces and capitals are laid aside result in a decline of TFP under financial crisis. The prediction by Wang et al. [17] suggests that TFP growth rate is likely to drop to 1.79% in 2008-2020 with financial crisis. Hence, TFP growth rate is assumed to 1.8% in 2009 and gradually restore to the baseline level in 2011.
Policy Scenario.
Policy scenario is aiming to assess the effects of the enlarging investment policy after financial crisis. Actual value of gross fixed capital formation is calculated based on its contribution to GDP in 2008 and 2009. In 2009, the added investment was 5.2 trillion Yuan and the actual fixed capital formation was 2.5 trillion Yuan. From 2010, the growth rate of fixed capital formation is similar with baseline. TFP growth rate is calibrated to 3.1% and 2.5% by the real GDP in 2008 and 2009 and supposed to be the same with baseline from 2010. It should be noticed that investment brings a part of inactive labors and capitals back to work again and drives TFP to become higher compared to crisis scenario. 
Results
Economic Effects in
. GDP growth rate falls to 2.36% in 2009 without any corresponding policies affected by financial crisis. It follows by a strong rebound in 2010 and then appears a little lower than baseline. Expanding investment is one of a primary impetus behind economic recovery. It stimulates GDP growth rate up to 9.10% in 2009 compared to 2.36% in crisis scenario. The results show that the average annual GDP growth rates during the period of "Chinese twelfth five years plan", that is, from 2011 to 2015, are 7.94%, 7.38%, and 7.61% under baseline scenario, crisis scenario, and policy scenario, respectively. Although GDP growth rate in policy scenario is below baseline from 2011, the gap is becoming smaller and smaller with years roll on ( Figure 3 ). It can be observed that investment can alleviate the great impact on GDP growth and relieve the fluctuation in economy owing to the sharp decrease of overseas demand as well as bring the economic growth into baseline level in the near term gradually. The above results demonstrate that although investment policy stimulates the economic development greatly, it has limited impact on import and export. Tables 1 and 2 In comparison with baseline, export quantities of most export intensive sectors drop by over 15% in 2009, especially in Instruments Meters Cultural and Office Machinery sector, Electric Equipment and Machinery, Electronic and Telecommunication Equipment sector, and Textile Industry sector, whose reduction rate achieve more than 18%. As time goes on, export quantities in different sectors gradually tend to approach the baseline level, and the export change rate in policy scenario compared to baseline are mainly concentrated around −8% in 2015.
Import and Export.
Import quantities of most import intensive sectors are near or over 10% lower than baseline level in 2009, among which, energy extraction sectors are affected relatively more seriously. The differences of import quantities between policy scenario and baseline scenario in most import intensive sectors tend to decrease through time.
Consumption and
Income. It appears that the variation of final consumption growth rate among three scenarios is less radical compared with net export and GDP growth rate. In the scenario of baseline, total final consumption grows from 13. Final consumption growth rate drops to 6.85% in 2009 due to the financial crisis. Whereas it rebounds to increase to 7.56% in 2012 and declines to 6.63% in 2015. Boosted by the increased investment under policy scenario, the annual growth rate of final consumption mainly distribute to the interval between 1.5% and 2% higher than crisis scenario and 1% lower than baseline. The results show a similar change tendency of government income and household income (Figures 9 and 10) . 
GDP Composition.
The predicted results show that the share of final consumption in GDP is getting higher, while net export and gross fixed capital formation account for a decreasing proportion with years roll on under baseline scenario (Table 3) . Contrast with the decreasing contribution rate of gross fixed capital formation, the contributions from final consumption and net export to GDP growth tend to increase recently in baseline scenario. The proportional of net export to GDP resulted from financial crisis is simulated to reduce rapidly by 6 points of percentage compared with baseline in 2009. The share of gross fixed capital formation to GDP with investment enlarging policy is 4% higher than (Table 4) . It can be identified that GDP growth is primary driving by investment under policy scenario.
Despite the net export account for lower share of GDP under crisis scenario and policy scenario compared to baseline, the contributions to GDP growth from incremental net export tend to be higher with the gradual recovery of import and export through time. Investment increasing policy stimulates consumption and leads to a larger contribution from final consumption to GDP growth in comparison with crisis scenario in the near post-crisis term. Table 5 displays some comparisons between the actual data and simulation results. It can be identified that the results under policy scenario are similar with the actual data in 2009. The actual data illustrate again that stimulus package played a significant role in stabilizing economic growth. However, there are some differences between the results under policy scenarios and the actual data in 2010. Compared with the actual data, the contribution to GDP growth from gross fixed capital formation is lower, while the contribution from net export and final consumption appear higher under policy scenario. The main reason is time lag of stimulus policy effects. Due to ongoing projects need to be supported by subsequent investment, a big scale of credit funds (7.5 trillion Yuan) was input into the economy in 2010. It leads to relatively higher contribution to GDP of fixed capital formation in 2010. However, the shock from stimulus policy is only imposed in 2009 under policy scenario The simulation did not take consideration of the impacts of subsequent credit funds impact on gross fixed capital formation in 2010. Moreover, the influence of the appreciation of RMB on import and export is not captured in this work. (Table 6 ).
Energy Consumption and CO
Figures 13 and 14 display the energy consumption intensity and CO 2 emission intensity under different scenarios. Both energy intensity and CO 2 intensity appear a gradual decline along with the time due to the growth of TFP, but the variations exist among different scenarios. Under baseline scenario, energy consumption per unit GDP is decrease by 13.2%, from 0.93 tce/10000 Yuan in 2007 to 0.81 tce/10000 Yuan in 2015. In the meanwhile, CO 2 emission per unit GDP is from 2.02 t/10000 Yuan in 2007 to 1.59 t/10000 Yuan in 2015, with a drop rate by 21.2%. Owing to the low productivity, energy consumption intensity and CO 2 emission intensity appear to increase in 2009 under financial crisis, and then falling to 0.84 and 1.68 in 2015, which are 3.9% and 5.2% higher than baseline, respectively. Energy consumption intensity and CO 2 emission intensity with investment policy are also above the level of baseline. The results show the energy consumption intensity and CO 2 emission intensity are 0.83 tce/10000 Yuan and 1.63 t/10000 Yuan in 2015, which are 1.9% and 2.3% higher than baseline.
It can be identified that relying on the policy of increasing investment response to financial crisis brings a higher energy consumption intensity and CO 2 emission intensity compared to baseline, which enhances the difficulty for energy saving and CO 2 mitigation. Actually, energy intensity has reduced 19.1% during the period from 2005 to 2010. It should be noticed that simulations in this paper do not reflect the real condition with all energy saving policies but only aim to assess the effects on energy and CO 2 emission due to expanding investment policy. In the period of "Chinese twelfth five year plan" (from 2011 to 2015), the simulated CO 2 emission intensity are forecasted to fall by 11.8%, 10.0%, and 10.2% under baseline scenario, crisis scenario and policy scenario, respectively, which imply that Chinese government should adopt additional CO 2 mitigation policies under the pressure of CO 2 intensity target towards 2020.
Conclusions
This paper constructs a Chinese dynamic CGE model to get the possible near term economic development pathways under different scenarios, and assess the contribution of investment expansion policy to Chinese economic growth. Moreover, taking into account the possible problems of over capacity owing to enlarging investment, energy consumption, and CO 2 emission are also compared among different scenarios. The results show that GDP growth rate falls to 2.36% in 2009 without any corresponding policies due to a sharp decrease of export and import as well as productivity affected by financial crisis. The policy of expanding investment can significantly alleviate the great impact on GDP growth and relieve the fluctuation in economy. It can increase economic growth rate by 6.74% to 9.10% in 2009, among which, the gross fixed capital formation plays an important role in GDP growth. A higher TFP, together with final consumption and net export, is driving by investment. Moreover, it can also alleviate the range of variations about the growth rate of consumer and government income as well as final consumption.
Actually, the newly added investment in 2009 was 5.2 trillion Yuan, including part from the natural growth under business as usual, and part from stimulus policies respond to financial crisis. The average annual growth rate for total The investment enlargement policy brings the economic growth close to baseline level gradually in the near post-crisis period, with an average GDP annual growth rate of 7.94%, 7.38%, and 7.61% under baseline scenario, crisis scenario, and policy scenario, respectively. Net export is also toward the baseline level through time with policy. Although the net export account for lower share of GDP under crisis scenario and policy scenario versus baseline, the contribution to GDP growth from incremental net export tend to be higher with the gradual recovery of import and export. Final consumption keeps growing but with a decreasing growth rate as time passes by. The expanding investment stimulates the annual growth rate of final consumption to be 1.5%-2% higher than crisis scenario but 1% lower than baseline, and it leads a larger contribution from final consumption to GDP growth in comparison with crisis scenario in near term. However, the increasing investment policy also brings new problems. It induces higher energy consumption intensity and CO 2 emission intensity, which are 1.9% and 2.3% more than baseline in 2015, respectively. It can be observed that the investment enlarging policy enhances the difficulty for energy saving and CO 2 mitigation.
It should be noticed that this paper focuses on the effects of expanding investment policy on economic growth but not put attention to the impacts of monetary policy on macroeconomic consequences. In fact, the moderately loose monetary policy has led to a huge increase in loan. It is thought that excessive fluidity has posed impacts on inflation Economics Research International 11 in post-crisis China. The analysis on such issue is not involved in this paper.
